Purpose: The purpose of this study was to investigate the impact of maternal, fetal and obstetric parameters in twin pregnancies due to chorionicity, perinatal morbidity and early neonatal mortality. Methods: Early neonatal outcome parameters were retrospectively analysed in 240 twin pregnancies (51 monochorionic [MC], 189 dichorionic [DC] twins) over a 7.5 years period. Beside chorionicity, we focused on risk factors affecting perinatal morbidity and early neonatal outcome in the overall study cohort and subgroups 1) late preterm and 2) pregnancies conceived by artificial fertilization (IVF/ICSI). Mixed effects logistic regression models were used for multivariate risk analyses. Results: MC vs DC pregnancies showed significantly lower birth weights (p < 0.01), decreased gestational ages (p < 0.01), increased rates of mechanical ventilation (p < 0.05) and higher early neonatal mortality rates (p < 0.05). Additional risk factors for perinatal morbidity and adverse early neonatal outcome were prematurity (<36 completed weeks of gestation), severe intertwin birth weight discordance > 25% and amniotic inflammation (amniotic infection syndrome [AIS]). A gestational age > 36 completed weeks was accompanied by a decrease of early neonatal complications (p < 0.05). Pregnancies conceived by IVF/ ICSI didn't differ from the overall study cohort regarding the investigated risk factors. Conclusions: Twin pregnancies complicated by prematurity, AIS and severe intertwin birth weight discordance are associated with higher perinatal morbidity and adverse early neonatal outcome. In addition, MC twins are jeopardized by an increased early neonatal mortality and therefore represent considerable challenges to both obstetricians and neonatologists. Based on our results, we recommend such twin pregnancies to be monitored and delivered at tertiary perinatal care centres to minimize perinatal morbidity and adverse early neonatal outcomes.
INTRODUCTION
In developed nations worldwide, there has been an increase in multiple pregnancies over the last decades. Twin pregnancies are high risk pregnancies: the mortality rate in comparison to single pregnancies is 3 to 7-times higher and both short and long term morbidity rates are also increased [1, 2] . There are several known factors categorised as maternal, fetal, or placental which affect perinatal and neonatal outcomes. Perinatal complications are mainly associated with placental arrangements. Chorionicity seems to have a significant influence on the outcome of twin pregnancies. Spontaneous abortion, stillbirth, premature birth, impaired fetal development and mortality rates are much higher in monochorionic (MC) when compared to dichorionic (DC) pregnancies [2] [3] [4] [5] [6] .
Twin pregnancies conceived by IVF/ICSI contribute to the high caesarean section rate and higher medical costs, but they don't have major effects on adverse maternal or fetal outcomes when compared to spontaneously conceived twin pregnancies.
IVF vs spontaneously conceived twin pregnancies have an decreased proportion of MC twins but increased risk for gestational diabetes [7] , delivery by caesarean section, preterm birth, prematurity-related respiratory complications with a longer stay and lower mean birth weight [7, 8] . Assisted conception by IVF/ICSI is not attributable to adverse outcome but specific factors that are more common in these pregnancies, such as primiparity and fetal reduction increase the risks [9] .
In addition, it has been described that birth weight discordance is an essential contributor to twin fetal death. Increasing birth weight discordance also leads to higher neonatal mortality, both in the smaller and larger twin. However, the significance of birth weight discordance on perinatal morbidity and mortality has not yet been clearly defined. Optimal delivery timing for DC twins with birth weight discordance is unreported until now. There is a lack of consensus on the precise threshold of discordance that is associated with complications.
The goal of this study was to investigate multiple maternal, fetal and obstetric prognostic parameters due to chorionicity in spontaneous and twin pregnancies conceived by IVF/ICSI with respect to perinatal morbidity and early neonatal mortality. In addition, further specific prognostic factors with impact on adverse early neonatal outcome which included both perinatal morbidity and early neonatal mortality should be selected for analysis.
MATERIAL AND METHODS
In the studied time period of 7.5 years, a total of 6698 children were delivered as a result of 6281 pregnancies at a tertiary perinatal care center. Of these pregnancies, 5889 were single births (93.8%); there were 367 twin pregnancies (5.8%) and 25 triplet pregnancies (0.4%).
For the purpose of this study, all twin pregnancies with intrauterine death of one or both fetuses before 23 completed weeks of gestation and all twin pregnancies missing early antenatal sonography were excluded from the study cohort.
Nonetheless, the excluded twin pregnancies which did not have antenatal sonography were still comparable to the study population regarding maternal and fetal parameters as well as early neonatal outcomes and early neonatal mortality.
Since the exact determination of chorionicity was essential to this study and ultrasound characterization of the different placental formations is more reliable in early pregnancy, only 240 twin pregnancies were analysed in which at least one focused antenatal ultrasound (diagnosing amnionicity, chorionicity and determination of fetal gender) was performed in the first and second trimester at the tertiary perinatal care center.
Birth weight discordance was calculated using the following formula: ([birth weight larger twin] -[birth weight smaller twin])/birth weight larger twin × 100% [10] .
As per clinical protocol, cranial ultrasound scans were performed routinely on all MC and DC twins during the first week of life (Days 1, 4, and 7). Intraventricular haemorrhage (IVH) were classified according to Papile and Burstein [11] . Data were collected retrospectively on all 240 twin pregnancies. Neonatal mortality, IVH ≥ 3˚, infection ± sepsis and nasal Continous Positive Airway Pressure (nCPAP)/ mechanical ventilation were evaluated as relevant perinatal morbidity and early neonatal outcome parameters within the first week of life.
In several (multivariate) analyses, thirteen independent maternal parameters were investigated (Table 1(a) ). Birth weight, especially birth weight difference categorized by <5% (no discordance), 5% -25% (mild discordance) and >25% (severe discordance) were evaluated as independent fetal parameters. Non-reassuring fetal heart rate tracings (CTG) and/or umbilical and fetal aortic Doppler results, arterial pH-values and APGAR scores after 5 and 10 minutes were defined as independent obstetric parameters.
Statistics
For the first objective of the study-to identify determinants for the types of chorionicity (MC vs DC pregnancies)-the maternal, fetal and obstetric parameters described above were used as independent parameters by the (multivariate) procedure Genmod (Statistical Software SAS ® , Version 9.3). A regression model for clustered binary responses was applied to assess the impact of MC versus DC together with additional maternal and twin related risk factors on mortality [12] .
For the second objective of the study-to assess prognostic parameters for neonatal outcome-the four early neonatal outcome parameters defined above were selected to summarize the most severe adverse early neonatal outcomes.
Independent parameters (maternal, obstetric and fetal, see above) were used in different models for multivariate risk factor analyses by mixed effects logistic regression with n = 480 observations (=newborns) and as a random effect parameter in n = 240 twin births. A mixed effects logistic regression method was performed individually for each independent parameter of Tables 3(a) and 3(b) (with random effect parameter twin birth) to assess the odds ratios (OR) with 95%-Confidence Intervals (95%-CI) and significancies [13] . Odds ratios regarding early neonatal outcome were adjusted for gestational age. Furthermore the two interesting subgroups of twins with gestational age 32 + 0 -36 + 6 weeks (late preterm) and twin pregnancies conceived by IVF/ICSI were analysed.
For all 480 twins, an admission to neonatal intensive care unit (NICU) Version 19) . Because of multiple testing, significancies were corrected with Bonferroni-Holm. Levels of significance were defined as p < 0.05 (= significant) and p < 0.01 (=high significant).
RESULTS
The independent maternal and fetal parameters of the 240 twin pregnancies and 480 newborns are listed in Tables 1(a) and (b). Out of 240 twin pregnancies, 51 (21.2%) were MC (48 diamniotic, 3 monoamniotic) and 189 (78.8%) DC pregnancies. The mean maternal age was 30.9 ± 5.3 years and 44.6% were primigravidas.
The mode of delivery was caesarean section in 80.4%. The distribution of gender in the overall study population was near evenly split with 234 male (48.8%) and 246 female (51.2%) newborns. The mean umbilical artery pH of the total cohort was 7.30 ± 0.06 (range 7.02 -7.45). The mean gestational age at birth was 34 + 2 ± 3 + 1 weeks and the mean birth weight for the larger twin was 2294 ± 597 g (range 680 -3800 g) and for the smaller twin 1993 ± 577 g (range 460 -3160 g). No intertwin birth weight discordance was seen in 132 (27.5%), mild birth weight discordance in 278 (57.9%) and severe birth weight discordance in 70 (14.6%) of the newborns.
Chorionicity
In a multivariate early neonatal mortality risk factor analysis, gestational age was the most significant factor. Further logistic regression due to chorionicity and early neonatal mortality showed significance for comparison of MC and DC pregnancies (p < 0.05) (OR 0.10 with 95%-Confidence Interval (CI) [0.01 -0.94] ( Table 2) . Several other variables did not reach significance because of high correlation between variables which were OPEN ACCESS Table 2 . Maternal, obstetric, fetal and neonatal parameters and chorionicity. already in the model. A total of five children died postnatally; one single twin in one DC pregnancy, two single twins and both twins in three MC pregnancies. The causes of death were malformation (anencephaly) in the one DC twin, and twin-to-twin transfusion syndrome (TTTS) (donor, extremely growth retarded), lung immaturity, respiratory distress or infection in the MC twins.
Comparison of MC and DC twin pregnancies revealed that women with DC twins were on average older than those with MC twins. MC twins had a significantly lower birth weight and gestational age compared to DC twins. Pathologic Doppler results were observed more often for MC pregnancies than for DC pregnancies. Mechanical ventilation or nCPAP was significantly more often required for MC vs DC twins. Incidence of infection was higher in the MC than in the DC group, but this was not significant. In total, 20 newborns delivered between 23 + 1 to 33 + 4 (mean 28 + 3 weeks) were affected by different grades of intraventricular haemorrhage (IVH).
A higher grading of IVH ≥ 3˚ was seen in 10 newborns (mean 26 + 3 gestational weeks) delivered by caesarean section. The rate for IVH was not increased in the MC vs DC twins (Table 2) .
TTTS developed in 5 MC twin pregnancies. These pregnancies had to be delivered early (on average at 29 + 1 weeks of gestation), showed a high morbidity (mechaniccal ventilation, infection) and severe birth weight discordance.
Early Neonatal Outcome
The present study defined adverse early neonatal outcome by the presence of early neonatal death and/or IVH ≥ 3˚ and/or infection ± sepsis and/or nCPAP/mechanical ventilation (n = 125; 26.0%).
Using a mixed effect logistic regression model including all independent maternal, fetal and obstetric parameters a high significance was shown only for gestational age (p < 0.01) in a first analysis. In a second step, the same mixed effects logistic regression method was performed individually for each of the independent parameters (with random effect parameter twin birth) to assess the OR. Mean gestational age was lower for adverse early neonatal outcome than for favourable neonatal outcome. The correlated parameter birth weight showed for adverse early neonatal outcome a mean of 1612 ± 651 g and for favourable neonatal outcome a mean of 2332 ± early neonatal outcome (20.0%) compared to favourable neonatal outcome (1.1%) (p < 0.05). The rate of caesarean section was higher for adverse early neonatal outcome (96.8%) compared to favourable neonatal outcome (74.6%) (p < 0.05) (Table 3(a) ).
Adverse early neonatal outcome was accompanied by poor obstetric parameters. Apgar < 7 after 5 minutes occurred more often (8.8%) for adverse than for favourable outcome (0.6%) (p < 0.01). Apgar < 7 after 10 minutes shows corresponding rates (Table 3(b) ). Cord blood analysis observed a higher rate of arterial pH-value < 7.10 for adverse (4.0%) vs favourable (0.6%) neonatal outcome (p < 0.05). Non-reassuring CTG and/or pathological umbilical and fetal Doppler were more often diagnosed for adverse outcome (42.9%) than for favourable outcome (19.2%) (p < 0.05).
Severe birth weight discordance regarding both twins showed significant results for adverse early neonatal outcome (p < 0.05) (Table 3(b) ).
All other evaluated maternal, obstetric and fetal factors (see Tables 3(a) and (b)) had no significance when adverse vs favourable early neonatal outcome were compared.
After the overall analyses, the subgroup of late preterm (32 + 0 -36 + 6 weeks of gestation) twin pregnancies was separately analysed with the same statistical approach to investigate the potential improvement of risk profile (Table 3(c) ).
Significant results could be shown for mean gestational age of 33 + 6 ± 1 + 3 weeks for adverse neonatal outcome vs favourable outcome (34 + 6 ± 1 + 2 weeks).
Risk calculation of adverse early neonatal outcome showed a higher risk for 32 -35 weeks of gestation (22.0%) vs the group of completed 36 weeks (6.8%). Below completed 30 weeks of gestation, the rate of adverse neonatal outcome was ≥72% and decreased successively with increasing gestational age and ends up with a rate of 0% above completed 38 weeks of gestation. Amniotic infection syndrome (AIS) was more often seen in the group with adverse neonatal outcome (13.0%) than for favourable outcome (1.2%) (p < 0.05) (Table 3(c) ). Significantly more male fetuses (63.0%) for adverse vs (43.3%) for favourable neonatal outcome were observed (p < 0.05).
Furthermore, the subgroup of IVF/ICSI pregnancies (n = 146 observations and n = 73 twin pregnancies) was separately analysed using the same statistical approach to investigate whether they have a specific risk profile concerning adverse neonatal outcome. The mean gestational age was 30 + 3 ± 3 + 5 for adverse vs 35 + 1 ± 1 + 6 weeks (p < 0.01). AIS was more often seen in the group with adverse neonatal outcome (25.6%) than for favourable outcome (2.9%) (p < 0.05) (Table 3(d) ).
Due to chorioncity, no significant results for the subgroup of IVF/ICSI were obtained when adverse and favorable outcomes were compared.
The admission to neonatal intensive care unit (NICU) in the overall study population was analysed to examine the fetal condition postnatally; 260 newborns (54.2%) were admitted to NICU.
Multivariate analyses showed a gestational age of 32 + 4 ± 3 + 2 weeks for admission vs 36 + 1 ± 1 + 5 weeks for no admission (p < 0.01). AIS was only recognised in the group transfer to NICU (11.2%). Severe birth weight discordance was significant when transfer (11.1%) and no-transfer (2.7%) to NICU was compared (p < 0.05) (Table 3(e) ).
DISCUSSION
This single-centre study comprising 240 twin pregnancies focused on maternal, fetal and placental (MC vs DC) factors that affect perinatal morbidity and early neonatal mortality.
Our study showed a significantly higher early neonatal mortality rate for MC twins when compared to DC twins. MC twins, corresponding to a decreased gestational age at delivery, had a significantly lower birth weight when compared to DC twins.
In the study, no further significant influence based on chorionicity due to adverse early neonatal outcome was identified by logistic regression analysis.
Our findings about higher early neonatal mortality rate for MC twins are in contrast to a recent report [14] . One potential explanation for the contradictionary finding might be the exclusion of pregnancies complicated by TTTS in the reported study cohort.
However, our finding are in line with various reports demonstrating less favourable pregnancy outcomes in MC vs DC twins and also support reports that noted a correlation between preterm delivery and higher infection and mechanical ventilation rates in MC twins. MC twins are described to be at a higher risk for fetal (even at term) and neonatal death, necrotising enterocolitis and neurological injury [15] similar to our results regarding early neonatal death. In contrast to Hack et al. but in concurrence with Lopriore et al. we did not notice a difference in the occurrence of IVH between MC and DC twins [2, 16] . Irrespective of chorionicity, a third-or fourth-grade IVH was noted in 7 of 10 cases with severe intertwin discordance. The findings of IVH ≥ 3˚ in our study could be explained by the high very early prematurity rate in these affected newborns compared to obvious advanced gestational ages and the occurence of IVH ≥ 3˚ described by other studies [16] .
Beside the factor chorionicity, our study verified that early gestational age is one of the dominant prognostic parameters for early neonatal mortality and/or perinatal morbidity.
Our study found that early neonatal outcomes, including early neonatal mortality, IVH ≥ 3˚, infection ± sepsis and nCPAP/mechanical ventilation within the first week of life was significantly associated with early prematurity (<32 + 0 weeks) but also late prematurity (32 + 0 -36 + 6 weeks). Various studies describe prematurity as one of the major problems for twin pregnancy outcomes. However, reports about late preterms are mainly limited to pregnancy complication and obstetrical outcome whereas this study pinpointed an association to specific adverse neonatal outcomes. Our study results confirmed a report of moderately and late preterm twin pregnancies that encounter higher rates of neonatal morbidities compared to twins born at term [17] .
Our study showed that adverse perinatal morbidity and early neonatal outcome in twin pregnancies is contributed by AIS. Overall premature rupture of membranes (PROM) complicates 7% to 8% of twin pregnancies, which led to both spontaneous and indicated preterm delivery [18] . Ananth et al. reported that despite the increase of prematurity in twin pregnancies, a concomitant decrease in perinatal mortality rates can be observed [19] .
In our study, PROM often preceded AIS which led to significantly more indicated caesarean sections. It is plausible that the low early neonatal mortality rates we observed were a reflection of the closely antenatal surveillance combined with availability of skilled neonatal expertise in tertiary care centres.
In addition, our data support an earlier report that noted higher perinatal morbidity and early neonatal mortality rates in discordant twin pairs, even after stratification by gestational age [20] . This emphasizes the need for intensive antenatal fetal monitoring (using fetal heart rate tracings and frequently umbilical and fetal Doppler) for cases of increased risk for preterm delivery.
Our study showed that adverse obstetric outcome in combination with Apgar after 5 and 10 minutes, CTG and/or umbilical and fetal Doppler were associated with an increase of perinatal morbidity and adverse early neonatal outcomes. However, the routine obstetric parameters that were tested (APGAR values, umbilical artery pH values) showed that the time of delivery was chosen at an appropriate stage of gestation.
Our findings are similar to a report of Tan et al. who described that birth weight discordance of more than 25% is correlated with decreased gestational age, an increased rate of preterm birth and increased neonatal mortality in both the lighter and heavier twin [21] .
Other reports described that increasing birth weight discordance leads to higher neonatal mortality in both the smaller and larger twin. Thus, significance of birth weight discordance on perinatal morbidity and mortality has not yet been clearly defined. Some reports contradict each other: for example, some investigations have challenged the significance of birth weight discordance on neonatal outcomes because they found that divergent fetal growth is associated with premature obstetric intervention. They supposed that prematurity could pose a greater threat to twins than birth weight discordance, implying that preterm twin delivery could led to a concomitant increase in neonatal morbidity [22, 23] . They thus recommend to continue pregnancy in monochorionic diamniotic twins without clinical indication for delivery until 36 -37 weeks of gestation, avoiding complications by iatrogenic preterm birth [22] .
In contrast, other investigators reported that higher neonatal mortality among twins is related to increasing levels of birth weight discordance and not entirely attributable to complications of early obstetric interventions [23] .
There is a lack of consensus on the precise threshold of discordance that is associated with complications. The American College of Obstetricians and Gynecologists (ACOG) proposes the following: there is an increased risk of morbidity and death when the difference of birth weight is 15% -25%.
With a discordance of >25%, there is an increased risk of caesarean section delivery for nonreassuring fetal heart rate tracing, neonatal acidosis, admission to NICU, and respiratory distress syndrome [14, 23] .
Moreover, our data support findings by Tan et al. who suggested that birth weight discordance less than 20% may be a physiologic variation, birth weight discordance ranged between 20% -25% may be borderline and birth weight discordance more than 25% may be a pathologic process [21] . Tobe et al. reported , that severe birth weight discordance should be added as a reference to clinical practices [23] .
Our analysis of the subgroup of late preterm twin pregnancies could help to add two more risk factors for adverse early neonatal outcomes.
Firstly, the stratification of gestational weeks verified that the early neonatal complication rate was 100% below 29 pregnancy weeks. After completing 30 weeks of gestation, 2/3 rd (72%) of newborns were still troubled by postnatal complications. However, above completing 35 weeks of gestation the early neonatal complication rates dropped to 14.3% until the rate reached 0% above completed 38 weeks of gestation at delivery.
This study showed that an increase of gestational age, especially when it is more than completed 35 gestational weeks, is accompanied by a successive decrease of early neonatal complications with finally no complications after completed 38 weeks of gestation at delivery. There are only limited data for establishing optimal timing of delivery for twin pregnancies particularly due to neonatal outcomes. The Royal College of Obstetricians Gynecologists recommends delivery by 37 weeks of gestation for uncomplicated MC and 38 weeks of gestation for uncomplicated DC twins, whereas ACOG has not published an exact recommendation on this topic [24] . These recommendations are due to pregnancy complications followed by obstetrical complications, whereas this study focuses on neonatal outcome (see definition).
Secondly, the comparison of late preterms vs neonatal complications selected male gender as significantly correlated to adverse early neonatal outcome. This finding supports a recent study that described a male-offending factor and attributed an increased neonatal outcome risk for preterm male compared to female twins [25] .
The analysis of the subgroup of IVF/ICSI pregnancies concerning a specific risk profile for adverse early neonatal complications showed no more than the above mentioned results for the overall study cohort and the late preterm subgroup. As expected, chorionicity was not a selected prognostic factor for adverse early neonatal outcome based on the fact of 97% of dichorionic pregnancies in this subgroup.
Maternal risk factors like early gestational age, AIS, delivery mode by caesarean section and severe birth weight discordance were significantly associated with transfer of the newborns to NICU. Prematurity and respiratory morbidity accounted for the majority of perinatal morbidity and required NICU admission. Respiratory morbidity was observed despite antenatal corticosteroid exposure. Previous studies described that twin pregnancies compared to singletons are more vulnerable to respiratory morbidity because bethamethasone in twins have a shorter half-life and enhanced clearance [26] .
There are both strengths and weaknesses to this study. This study benefited from large sample size, particularly by spontaneous and less by IVF/ICSI conceived DC vs MC pregnancies. In addition, the strenghts of this study lie in the multiplicity of maternal, fetal and placental risk factors and thus the likelihood so far to select more prognostic parameters that were significantly correlated to perinatal morbidity and adverse early neonatal outcome. Subgroups such as late preterm pregnancies, twin pregnancies conceived by IVF/ICSI and twin pregnancies with severe birth weight discordance provide support to precisely these risk factors for adverse early neonatal outcomes.
Our study has also some limitations that merit discussion. This study was retrospective in design and relied on first-and/or second-trimester ultrasound scan to define chorionicity. It is possible that some antenatal diagnosis by ultrasound were over-diagnosed or under-diagnosed, which has the potential to bias our results.
Although the sample of twin pregnancies was overall large, MC pregnancies and TTTS pregnancies in our cohort study group were smaller in size and that incongruity might have had influence on the results for MC pregnancies when compared with DC pregnancies. However, most of our demographics were similar to studies from other countries: our proportion of MC to DC twin pregnancies was 21% to 79%, and not significantly different than other studies reported in the literature [27] . The percentage of children with TTTS in our study was 10% and thus slightly lower than described in the literature [28] . The relative small number of primarily MC pregnancies after IVF/ICSI could lead to an underestimation in this subgroup.
At least we determined the optimum time of delivery due to the overall study population including both DC and MC twin pregnancies without differentiation between the two types of chorionicity. However, based on the fact that the majority of the twin pregnancies in this study were DC, this limitation might therefore only cause a marginal bias to our results.
However, despite the limitations mentioned above, it might be of specific interest in clinical practice that our study showed that twins with a severe birth weight difference will need admission to NICU due to an increased morbidity and mortality risk, regardless of chorionicity for both spontaneously and via IVF/ICSI conceived twin pregnancies. In concordance to another report [23] , we support the appraisal that severe birth weight discordance should be included as an indication for obstetric intervention and for clinical practices.
Intensive surveillance as provided by tertiary perinatal centers offers the best preparation for optimal timing of delivery and helps to reduce morbidity and early neonatal mortality as a result of decreased gestational age [29] .
CONCLUSIONS
In conclusion, it was shown that twin pregnancies conceived spontaneously or by IVF/ICSI complicated by prematurity, AIS and severe intertwin birth weight discordance are associated with higher perinatal morbidity and adverse early neonatal outcome.
Even apparently uncomplicated MC and DC twin pregnancies less than 36 weeks of gestation should be closely monitored antenatally using fetal heart rate tracings combined with umbilical and fetal Doppler velocimetry.
Cut off level of >36 completed weeks of gestation seemed to be the initial optimal time of delivery mainly for DC pregnancies to exclude adverse early neonatal outcomes.
Severe birth weight discordance appeared to be a key predictor for adverse neonatal outcome and should be included as an indication for obstetric intervention and for clinical practices. We recommend that such high-risk pregnancies should be referred to tertiary perinatal care centers for intense antenatal surveillance, optimal timing of delivery and thorough neonatal intensive care in an effort to reduce perinatal morbidity and adverse early neonatal outcome rates.
